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be assembled in a manner to reveal the strength of the whole, which depends
on the combined action of the materials. In designing such dams, it is neces-
sary to be guided by precedent and by the recommendations of authorities
specially experienced in masonry construction. Baker 5 recommends allowa-
ble stresses "about as follows, provided each is the best of its class":

Lb per sq ft

Rubble                 20,000 to 30,000

Squared-stone 30,000 " 40,000
Limestone Ashlar 40,000 " 50,000
Granite Ashlar 50,000 " 60,000

Of the types listed, only rubble has been commonly used for dams, and this
has now been supplanted by concrete.

The pressures actually used in a number of gravity darns are listed in
Table 1 (see Art. 8).

Modern dams are constructed almost exclusively of concrete. It is not
feasible, or necessary, to go into the details of concrete strength here. Any
gravity dam of such magnitude that the unit pressures are of controlling
importance demands a careful study of available concrete material to deter-
mine the economy and strength that may be attained, and a suitable text on
concrete should be consulted. Crushing strengths up to 4000 Ib per sq in.
(576,000 Ib per sq ft) in 28 days are obtainable, but usual limits for concrete
used for gravity dams are from 2000 to 3000 Ib per sq in. in 28 days.6 The
ultimate long-time strengths run higher, depending on the kind of cement
used and other conditions. (See Art. 2, Chapter 15.) Because of its greater
uniformity and dependability, concrete requires a smaller factor of safety
than stone masonry. A working stress of one-sixth of the 28-day strength
may be considered conservative for gravity dams. Approximately 110,000 Ib
including earthquake forces, and 78,000 Ib excluding earthquake forces, were
allowed in the Grand Coulee and Shasta Dams, as shown in Table 1. Allow-
able stress in buttressed dams is discussed in Chapter 14.

The strength of the foundations on which dams may be founded varies
from rock which is much stronger than concrete, through all stages of decom-
posed and disintegrated rock, which may be very weak, poorly cemented, or
lightly consolidated sedimentary rocks, down to gravel, silt, and clay deposits.
Technical details of tests to determine the strength of rock and soils are
beyond the scope of this book.

An entire rock foundation is never unbroken. Fractures are elements of
weakness even though consolidated by grouting, the effects of which are
difficult to determine. The testing of a rock foundation as a whole is imprac-
ticable, and tests on small areas are of no value. Therefore, laboratory tests
on samples of the rock must be supplemented by mature judgment in con-

5 IRA 0. BAKER, A Treatise on Masonry Construction, John Wiley & Sons, 1910, p. 296.

6 Standard teat for low-heat cement requires a longer period than 28 daya.